The 2,647-bp nucleotide sequence of cryptic plasmid pTD1, isolated from the oral spirochete Treponema denticola, was determined. The sequence revealed two open reading frames, A and B, which encode polypeptides of 335 and 235 amino acids, respectively. Open reading frame A shows sequence similarity to genes that encode replication proteins from a group of plasmids common in gram-positive bacteria, which replicate via a single-stranded intermediate.
The 2,647-bp nucleotide sequence of cryptic plasmid pTD1, isolated from the oral spirochete Treponema denticola, was determined. The sequence revealed two open reading frames, A and B, which encode polypeptides of 335 and 235 amino acids, respectively. Open reading frame A shows sequence similarity to genes that encode replication proteins from a group of plasmids common in gram-positive bacteria, which replicate via a single-stranded intermediate.
The order Spirochaetales comprises two families of morphologically similar but otherwise diverse bacteria (9, 16) ; these include species that are pathogenic for both humans and animals. Despite their medical significance, genetic manipulation of these organisms is still at a preliminary level, in part because of the lack of any known system of genetic transfer. The identification of a small, circular 2.6-kb plasmid, pTD1, in the cultivable oral spirochete Treponema denticola raised the possibility of a plasmid-based genetic transfer system within this group of bacteria (8) . As the first step in the development of pTD1 as a shuttle vector, we determined its nucleotide sequence to distinguish between essential regions required for replication and nonessential areas that would be suitable as cloning sites. This is the first reported sequence of an extrachromosomal element from within this genus.
Identification of proteins encoded by pTDI. Gene expression in pTD1 was demonstrated in a cell-free prokaryotic DNA-directed in vitro transcription-translation assay, based on a 30S ribosomal Escherichia coli extract (Amersham, France SA). The gene products were identified by autoradiography of incorporated L-[35S]methionine (37 TBq/mmol; Amersham, France SA), after conventional sodium dodecyl sulfate-polyacrylamide gel electrophoresis in a 10% discontinuous system (11) , and this revealed the presence of four major protein bands. In comparison to molecular size markers, these corresponded to 32, 28, 25, and 21 kDa (Fig. 1) . These size estimations suggest total coding regions in the plasmid of approximately 3,300 bp. Since the plasmid is only 2,647 bp long, the amino acid sequence of each of the four protein products cannot be unique. This could be a consequence, for example, of the initiation of translation at alternate sites within a coding region. pTD1 structure and DNA sequence analysis. Plasmid pTD1 was obtained from T. denticola ATCC 33520 which was maintained anaerobically as previously described (8) . The entire nucleotide sequence, comprising 2,647 bp (Fig. 2) , was determined for both strands. Figure 2 indicates the restriction endonuclease sites utilized to subclone fragments of pTD1 into pTZ18R (Pharmacia) for sequencing by the dideoxy method of Sanger et al. (19) . The methods used for ligation, transformation, preparation of single-stranded DNA (ssDNA), running of agarose gels, and restriction endonuclease reactions were as described by Sambrook et * Corresponding author.
al. (18) . The relative ease with which clones could be made, and also their stability, varied considerably; ssDNA could not be obtained from clones carrying some regions of the plasmid. These latter regions were sequenced from doublestranded templates obtained by transformation of the recombinant plasmids into E. coli XL-1 Blue (endAl hsdRI7 supE44 thi-1 A-recAl gyrA96 relAI[F'proAB lacIZlM15 TnlO]) and Qiagen preparation of the DNA (Hybaid Ltd.).
The nucleotide sequence was searched for regions containing inverted repeats of 10 bp or more, and three such regions were found. Between bp 152 and 344 are one inverted repeat of 10 bp and two 10-bp direct and two 10-bp indirect repeats with greater than 80% homology (Fig. 2) . A further three inverted repeats, the longest of which spans 20 bp, occur at the end of the sequence. Such regions have the potential to form hairpin loops and secondary structures in RNA transcripts and may also be important for regulation of plasmid replication (3) .
Analysis of the sequence revealed the presence of three open reading frames (ORFs) of more than 50 codons. The largest ORF, A, extends from bp 167 to 1220 and contains 336 codons (Fig. 2) . The first ATG codon in ORF A is at bp 212 to 215. A protein expressed from ORF A, initiated by this codon, would have a molecular weight of 38,999; however, this does not correspond to the data from the in vitro assay, according to which the largest protein product has an apparent mobility of 32 kDa (Fig. 1) . The sequence of the 3' end of the 16S rRNA of T. denticola is 5'-CCGAAG GUACGUUU-3' (15). The sequence 5'-ACCT-3' is thus a possible ribosome-binding site (20) , 7 bp from the ATG at bp 212 to 215 (Fig. 2) . A sequence reading 5'-GAAG-3', which bears a resemblance to the consensus sequences described for E. coli ribosome-binding sites, occurs at bp 371 to 374, 17 bp from the third ATG codon at bp 392 to 394. If this served as a site for translation initiation in E. coli, it would account for the accumulation of a protein smaller (32 kDa) than that predicted (39 kDa) in the in vitro transcription-translation assay.
ORF A homology with replicative proteins and conservation of the active site. Comparison of ORF A both as a nucleotide sequence and as a peptide sequence with the EMBL (release 26), GenBank (release 66), and NBRF (release 27) data banks showed similarity between this ORF and the sequences for the replicative (Rep) proteins from Bacillus subtilis plasmid pBAA1 (4), pFTB14 from B. amyloliquefaciens (14) , pLAB1000 from Lactobacillus hilgardii (10), pTB913 from Bacillus sp., and pMV158 from Streptococcus agalactiae (21) . If two peptide sequences were aligned by class of amino acid (e.g., hydrophilic) rather than by strict conservation of the amino acid, the level of homology between the protein encoded by ORF A of pTD1 and the Rep protein of pBAA1 could be increased to 45%, and that with the other three Rep proteins could be increased to approximately 40% (Fig. 3A ).
An interesting feature of this homology search was that these replicative proteins are all products of plasmids from the group known as ssDNA plasmids, which are highly interrelated and widespread in gram-positive organisms (6) . The Rep proteins of those plasmids which share the pBAA1-type consensus sequence for the origin of replication have a conserved amino acid motif which is also present at the active site of the bacteriophage 4~X174 Rep protein (6) . Figure 3B shows that this motif is also highly conserved within ORF A of pTD1, at amino acids 217 to 225.
ORF B, which is encoded by the strand opposite to that which encodes ORF A, commences at bp 2297 and terminates at the TAA at bp 1590. The first ATG codon is at bp 2297 to 2295. A protein initiated at this codon would have a predicted molecular weight of 27,000 and could correspond to the 28-kDa protein band observed in the in vitro transcription-translation assay (Fig. 1) . A hypothetical T. denticola ribosome-binding site, 5'-GACT-3', is within 3 bp of this ATG (Fig. 2) , immediately adjacent to an E. coli ribosomebinding site. Computer searches revealed weak homology between ORF B and the plasmid-encoded recombinase proteins in pG12 from B. thuringiensis (13) and pLB4 from L. plantarum (2), the "hypothetical protein" from Staphylococcus aureus plasmid pC403 (7) , and regions of plasmids pTB913 and pMV158 (21) .
The third ORF, C, runs from bp 2567 to 2316. Although this ORF is large enough to code for a peptide of 84 amino acids, in the absence of a product of the predicted molecular weight from the in vitro transcription-translation assay it was concluded to be a noncoding region.
Features of ssDNA plasmids. ssDNA plasmids are alike in that they all replicate via an ssDNA intermediate, by rollingcircle replication. Three plasmid-encoded elements are essential for rolling-circle replication: the plus origin, a replication protein (Rep), and a minus origin. The sequence homology between ORF A and known Rep proteins suggested that it too could function as a Rep protein and that pTD1 is an ssDNA plasmid. Further examination of the sequence revealed that there are also regions in pTD1 which could function as the plus and minus origins. In ssDNA plasmids, the minus origin serves as an efficient initiation site, recognized by host factors for conversion of circular plus-strand ssDNA to double-stranded DNA, and marks the completion of one productive cycle of replication. One major feature of the minus origin is the presence of palindromic sequences forming secondary structures. One such region of the pTD1 sequence is located between bp 2306 and 2467 (Fig. 2) . homology over a longer-length sequence and is rich in palindromic motives (Fig. 2) which would allow formation of hairpin loops and secondary structures, which are common features of this type of origin. The plus origin is typically situated either upstream from or within the Rep protein (6), so each of the above-described regions satisfies this criterion.
Conclusion. According to the criteria specified by Gruss and Ehrlich (6), plasmid pTD1 has sufficient features in common with ssDNA plasmids to be classified as a novel member of this group. Identification of pTD1 as an ssDNA plasmid has been based on homologies found between both nucleotide and peptide sequences; however, the high incidence of unstable clones and deletions may be another indication of its ssDNA nature (6) . Replication of pTD1 through an ssDNA intermediate could be confirmed, using B. subtilis as the host, by the observation in vivo of pTD1 ssDNA. Alternatively, hybrid derivatives of pTD1 containing inserts of foreign (e.g., from E. coli) DNA should yield readily observable high-molecular-weight tandem multimers (5) . The presence of a plasmid with ssDNA features suggests that expression of spirochete genes, previously reported to be poor in E. coli (1, 12, 17, 22) , may 220
GGAAATAGTCAAAACTCiTTGAT,AAAGTGCTGTTTAGACGCCGTTTATTGGCTTATGGAGGCATTTTTCAGGTAGTCCGTAAAAAATTAAAGCTTCGAAGA 1701  190  180  HindIII 170 AAAACAGGCTGTAAAAACATTTTTAGCAGAACTTCGAGATAGTAAAATACAAAACTCGGCGGCTACATCATCAAACGTAATTCGA,AAAAAAAGAAATTCGC for gram-positive organisms could enable genetic transformation within spirochetes.
Nucleotide sequence accession number. The sequence shown in Fig. 2 has been submitted to GenBank and assigned accession no. M87856.
